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MUNTERLY, 


ABSTRACT 


Several small-scale, special-purpose computer programs 
that were written to provide the output of two-port networks 
as filters in the time domain and also the frequency domain 
over a wide range of parameter variations are contained herein. 
The computer program outputs are plotted on the screen dis- 
play unit. The effects of the responses when parameters are 
changed can be ee for the purpose of synthesis, 
and design. Some synthesis, analysis and design techniques 


are also discussed herein. 
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I. INTRODUCTION 


Network analysis and synthesis, in general, continues to 
become less time-consuming and complex as a result of the 
continued upgrading of large-scale network-analysis computer 
programs which allow the СЕРТІН designer to economically 
and efficiently examine the performance of a circuit during 
the various stages of its design, by using a computer rather 
“than connect the real elements in the laboratory. In this 
way the designer can rapidly determine the variations in cir- 
cuit response that correspond to changes in circuit param- 
eters. Studies can be made of circuits that contain costly 
components that may be difficult to obtain. Destructive ex- 
citation can be applied to the circuit with no fear of de- 
stroying expensive electronic circuit elements. Measurements 
that may be difficult to make, and time consuming to instru- 
ment, can be made quite simply on the computer. Circuit 
connections can be changed rapidly. In many cases the com- 
puter can leave the designer with a clearer in-sight into the 
operation of the circuit than could be obtained from the 
laboratory. 

A major disadvantage of the large-scale network analysis 
programs such as the IBM 1620 ELECTRONIC CIRCUIT ANALYSIS 
PROGRAM (ECAP) WITH DISPLAY UNIT which can fulfill the re- 
quirement of the design enginecr is the vast amount of core 
storage as well as the accessories needed. If a large com- 


puter is not available to the design engineer, many of the 





more sophisticated programs will not be at his disposal. 
Additionally, owing to the fact that network synthesis, par- 
ticularly filter design, is approached from many aspects de- 
pending on the specific application; the smail special-purpose 
program may provide the required design parameters with the 
using of a smaller computer such as the XDS 2300 COMPUTER AND 
THE AGT/10 DISPLAY UNIT suplemented by an available large- 
scale program in the case of the complicated circuits. 

Computer-aided design procedures are exemplified herein 
by analysis of the two-port network approached by state vari- 
able and solved to get the time response plotted on the 
screen of the display unit. The variations in circuit re- 
sponse that correspond to changes in circuit parameter are 
observed. Additionally the frequency response approached 
from the La Place Transform was also determined. 

Some aspects of computer programs, the methods to formu- 
late the state equations and transfer functions, the corre- 
lation of time and frequency response and the frequency 
scaling are discussed in this thesis. 

Two-port networks as filters are used to illustrate the 
analysis and design by using the small-scale computer pro- 
МЕТЕ. that provide the output as a time response over a wide 
range of the variations of parameters and to investigate the 
character of the time response which in some aspects can 
predict the character of the frequency response. The comput- 
er programs that provide the frequency response plot of the 


wasker Tunetion in the case oi the transfer function in 


LO 





the s-domain available are also used to get the exact fre- 


quency response. 
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II. COMPUTER PROGRAMS FOR ANALYSIS 


Flow Chart for Time Response Program 


— ` 1 παπα 

1 l t 

| CORNAP Io A CIRCUIT | 
| | 

ES ee | PT 

Ge = = 

FORMULATING | 

! STATE EQ. | 

ТЕ ис rer] 


MAIN PROGRAM > SUBROUTINE 


DISPLY1 





SUBROUTINE 
STEQ 


SUBROUTINE 


RKTA 





MAIN PROGRAM CONTROL PARAMETER (COEFFICIENT) of the State 
Equations and the curve to be displayed. 
SUBROUTINE STEQ Describe the State equations to be computed. 
SUBROUTINE RKTA Solve the n-order linear differential equa- 

tions. 


SUBROUTINE DISPLY1 Plot the result on the CRT of AGT/10. 
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Flow chart for Frequency Response Program 


ү nenn mo mp eo фе <q 
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| L. — — — — — = — — — 
1 
' | 
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| | | FORMULATING | 
| СОНМАР | | TRANSFER FUNCTION | 
1 
| 
! 
| 
ἷ- ------- — — — — — MAIN PROGRAM 


SUBROUTINE 
DISPLY2 


A. FORMULATING STATE EQUATIONS 

The state equations may be obtained from the KVL and 
KCL by the use of certain combinations of the loop and node 
equations. The state equations are the set of differential 
equation of n linear first-order differential equations in 


n unknowns, 


T3 





у та у жа ο ου EU s у ып. 


y 


алу, pu y EE. ИТГ а уп 


п n2 2 nn n n 


The state equation can also be written in matrix notation 
[Y] = [AJ[Y] + [U] 


In a passive network (RLC), the state variables are usu- 
ally taken to be the capacitor voltages and inductor cur- 
rents so that the tree and cotree must be selected such that 
the inductances and capacitances are appropriately located. 
The following algorithm accomplishes the desired result for 
most networks [2]. 

1. Select a Normal Tree: 

a. Put all branches corresponding to voltage sources 
and capacitances in the tree. This is possible unless there 
are loops containing capacitances and voltage sources only. 

b. Put all branches corresponding to current sources 
and inductances in the cotree. This is possible unless there 
are cut sets containing current sources and inductances only. 

ut rcsistäanceszin either tree or cotree. 

2. FAssienta Symbol (including Polarity) to each Branch: 

a. For each branch corresponding to an independent 


source use the source symbol. 
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b. For each tree branch corresponding to a capaci- 
tance or resistance assign a voltage symbol. 

c. For each link corresponding to an inductance or 
resistance assign a current symbol. 

d. For each branch corresponding to a controlled 
source use the control equation to label the branch in terms 
of symbols already defined (use only the symbols defined in 
a, b and c above not their derivatives or integrals). 

3. For each branch of tree use KCL to write the capaci- 


tance current asa sum of link currents 


Cv, = 5 link currents 


For each branch of cotree use KVL to write the in- 


ductance voltage as a sum of tree branch voltages: 


I = i tree branch voltages 


4. Solve the equations obtained in step 3 for the re- 
sistance voltages and current (Vp 'S and in's) in terms of 
inductance currents and capacitance voltages. 


5. Use the step 4 equations to eliminate all resistance 


voltages and resistance currents from the step 3 equations. 


BN SUBROUTINE STEQMDY YD, COP) 

This subroutine describes the differential equations 
(state equations) as well as the coefficients of dependent 
variable which are computed or can be changed in the main 
program in order to get the results when the elements of the 


eareuıt ame changed. 


— 
C 





Calling Statement: CALL STEQ (DY,Y,T,COF) 


DY = The array of derivatives of the dependent variable 
Y = The array of dependent variable 
E = Independent variable 


COF = Coefficient of differential equations (state equa- 


tions) 


C. RUNGE-KUTTA METHOD 
Among the existing numerical techniques to solve the dif- 


ferential equations such 


SY - f(x,y) 


Runge-Kutta methods have found extensive use in the digi- 
tal computation because of the distinguishing properties. 


1) They are one-step methods to find y we need only 


т? 
the information available at the preceding point, Ay 

2) They do not require the evaluation of any derivative 
οὐ πές στ) buszöonly of thesfuinetion f itself. 

3) The truncation error for fourth order Runge-Kutta 
method is e, = Kh?. 

The first property makes it convenient to determine a 
solution of the n simultaneous differential equations. 

The second property makes this method more practical 
than other methods such as Taylor series. However we have 
to evaluate f(x,y) for values of x and у. For a small error 
property here requires a small step size. 


The Runge-Kutta method can be defined by the following 


five equations [1] 
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Kath, ye) 








m 
h hk, 
= + — 
к, fon 2 Ym 2 ) 
h hk, 
= + — 
k, f(X 2» Int 7-5 ) 


k, = f(x + h, y + hk) 


h = Step Size 


D. SUBROUTINE RKTA (DY,Y,NEQ,TINIT, TFINI, YINIT, YX,COF) 

This subroutine computes the solution for a set of n 
Simultaneous first-order differential equations with arbi- 
trary initial conditions by a Runge-Kutta fourth order method 
and provides the output in matrix form. 

Calling statement: CALL RKTA(DY,Y,NEQ,TINIT, TFINI,YINIT, 

τ, 

DY = The array of derivatives of the dependent vari- 
able with the dimension equal to number of de- 
pendent variables. 

Y = The array of dependent variables. 

NEQ = Numbers of equations which must be equal to the 
number of dependent variables. 


TINIT 


Time initial. 
Ота ше finish: 


YINIT = Initial Conditions of dependent variables. 
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YX = Output matrix which has the independent variable 
values in column one. The number of columns 
equal to nti. The number of rows are equal to 
number of values of the independent variable to 
be computed. 

COF = Coefficient of differential equation (state equa- 


tions). 


NOTE: 

Dimension of DYF (Working matrix to find Κι, Κλ, k3, Κι 
for each variable must be DYF(5,n). 

Dimension of YK (Matrix for kı, k2, K3, ky, of each vari- 
able) me e YK(4,n). 

Dimension of YF (Value of dependent variable to find 
τι) must be YF(1,n). 
Subroutine STEQ(DY,Y,T,COF) also has to be supplied. 


E. FORTRAN GRAPHICAL OPERATION [6] 

There are two AGT/10s which can be connected to the XDS 
9300 through a multiplexer and a word interface channel (24 
bits parallel transfer) to the XDS 9300 memory. Each AGT/10 
is a digital computer with 8K of core storage, two diskpacks, 
ORT display, lightpen and function switch inputs, and a 
teletypewriter. The AGT/10 is referred to as an "intelligent 
terminal" of the XDS 9300 because of the programmable digital 
computer 14 1s built around. Use Опо АСТ/ЛО ас ап intel- 
ligent terminal of the XDS 9300 requires the use of the XDS 


9300 CPU and main memory. 
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Flow Chart for Subroutine RKTA 


START 


COMPUTE 


STEP SIZE 


ENTER 


OUTPUT 
MATRIX 





COMPUTE 
K, ,К2,Еҙ ‚Ku 


FOR EACH VARIABLE 


COMPUTE 


EACH VARIABLE 












ARE ALL 


NO 
POINT COMPUTED? 


YES 
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To connect the AGT/10 with the XDS 9300 program ''GATED" 
is used. The program "GATED" performs three tasks: 

1) Refreshes the display screen. The screen is re- 
freshed programmatically at about 40 frames per second, as a 
background (interrupt drive) task except during data trans- 
fers to or from the XDS 9300. During these data transfers 
no refreshing is performed. 

2) Communicates with the graphics console operator, 
hereafter referred to as "operator." GATED uses the display, 
teletypewriter, lightpen, and function switches to communi- 
cate with the operator. The operator can create data or 
edit existing data. During the editing of data the screen 
will be refreshed but data will not be transferred between 
the AGT/10 and the XDS 9300. Оа is stiri 
passed between the AGT/10 and the XDS 9300. 

3) Communicates with the FORTRAN callable graphics sub- 
routines in the XDS 9300. These subroutines will be referred 
to as a FORTRAN graphics package hereafter. These procedures 
allow a FORTRAN program to send data to and retrieve data 
from AGT/10. Sending data changes the screen presentation. 
Retrieving data does not alter the display. All other oper- 


ations stop during these data transfers. 


F. FORTRAN GRAPHICS PACKAGE [6] 

The graphic package subroutines is divided into two 
groups, one for the text, the other for the graphics. Be- 
cause the graphics will be used in the computer program 
only, this part is concerned with the graphics only. 
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The graphics manipulation subroutines are designed to 
allow the graphics blocks of "GATED" to be created in the 
XDS 9300 sent to the AGT/10, and retrieved back into the 
XDS 9300 when desired. 

a. Graphics Initialization Subroutine -- DGINIT 
This routine must be called before any of the other 
graphics subroutines may be called. This routine identifies 
a FORTRAN array as the graphics directory, causes GATED, in 
the AGT/10, to initialize its graphics directory, and de- 
letes all graphics blocks. This causes all the graphics in- 
formation on the screen to be erased. 
CALL DGINIT (IDEV,IDIR,NDIR, IERROR) 
where: 
E is an integer value specifying to the system, 
the AGT/10 unit number (1 or 2). 
IDIR is the graphics directory (an integer FORTRAN 
array). | 
NDIR is the number of words in the graphics direc- 
Ory. 
IERROR is the error flag. 
2. Graphics Output Subroutine -- GRAPHO 
This routine outputs a graphics block to the speci- 
fied AGT/10 and updates the graphics directory for the spec- 
ified AGT/10. 
CALL GRAPHO (IDEV, IMAGE, NWORD, IBLK, IERROR) 


where: 
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IDEV is the value specifying AGT/10 unit number 
(1.073293. 

IMAGE is the address of the first word of the graphic 
data array (array name) to output. This word 
is more convenient to use than the special 
routines which will be described later. 

NWORD is the number of words in the graphic data 
block. 

IBLK is the graphic data block number. 

IERROR is the error flag. 

3. Graphic Output With Response Subroutine -- GRAPHR 

This routine does exactly the same thing that GRAPHO 

does and in addition it causes "GATED" to go into the graphic 
edit mode for the graphic block that is in the output. This 
routine returns to the calling program as soon as "GATED" 
enters the edit mode. No graphic input occurs. 

CALL GRAPHR (IDEV, IMAGE, NWORD, IBLK, IERROR ) 

where the parameters have the same meaning as in the call to 
GRAPHO. 
отара put oUubroutTNe —— GHAPHE 

This routine inputs a graphic block from the speci- 

fied AGT/10 to the designated array. 

CALL GRAPHI (IDEV, IMAGE, IBLK, IERROR) 

where: 
IDEV is the value specifying AGT/10 unit number 


(Loor 2): 


nn 








IMAGE is the name where the graphic data block is 
to be placed. 
IBLK is the graphic data block number. 


IERROR is the error flag. 


G. SPECIAL ROUTINES [6] 

There are three routines which enable the user to create 
and use graphic blocks more easily. The first two routines, 
IHEAD and IPACK, are functions which construct the image 
array words. The third routine, UNPACK, is a subroutine that 
breaks out the X, Y and DM fields of the image array words 
for use as the FORTRAN variable. 

1. Create Header Word - IHEAD 

A FORTRAN function which is typically used as follows: 
IMAGE(1) = IHEAD (IDSH,INT) 
where: 
IDSH is the dash/solid control. If IDSH = O the 
INT is the entensity. The value of INT ranges from 0 іо 10. 
The value O corresponds to no intensity. The values 1 through 
10 are approximately linear changes in intensity where 10 
corresponds to maximum intensity and 1 corresponds to 10% of 
maximum intensity. 
Chemi HEAD -function fillis іп tit’ header word (first 
vord ori ουσ Т МАСЕ аттау) with the propersdata. 
Zee recale: ImagemgWord — IPACK 
A FORTRAN function which is typically used as follows: 


IMAGE(I) = IPACK (X,Y, IDM) 
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where: 


X contains the value of X; for the particular image 


point (word). 


Y contains the value of Y. for the particular image 


point (word). 


IDM contains a one or a zero to denote a draw or a 


more respectively. Draw intensifies the line move does not. 


X and Y may be integer or real value with the follow- 


ing ranges: 


RANGES for the 20" by 20" DRAWING AREA 


X or Y as INTEGER -2048 < X, Y < + 2047 


X or Y as REAL πο ολο ee 14250 


RANGES for the 10" by 10'' VIEWING AREA 


X or Y as INTEGER ТОТ гой 


X or Y as REAL ΞΟ Τι, 120 


The purpose of this function is to do the following: 


1) 
2) 
3) 
4) 


5) 


Take the value of X and put it in bits 0-10. 

pol bil i o “егес 

Take the value of Y and put it in bits 12-22. 
set bit 23 to the value of IDM. 

Take the 24 bit word just formed and store it in 


IMAGE(I). 


Hee SUBROUTINE DISPLYL (IDEV,YX,NCUR,11,J1,12,J2) 


Thws@subroutine obtains? the matrix to be plotted Trom the 


maine program and to plot the appropriate data on the screen 


of the CRT display. This subroutine provides the grids and 
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frame in order to concurrently interpret the values of the 


curves; two curves can be plotted at one time. 


CALL DISPLY1 (IDEV,YX,NCUR,I1,J1,12,J2) 


where: 


IDEV is an integer value specifying to the system, 


the AGT/10 unit number (1 or 2). 


NCUR is number of curves in one plot (1 or 2). 


YX is the matrix of data to be plotted. 


Indep. Var. Dep. Var 


Il is the number of the 
X-axis of curve 1. 
J1 is the number of the 
Y-axis of curve 1. 
T2 is the number of the 
X-axis of curve 2. 
J2 is the number of the 


Y-axis of curve 2. 


1 Dep. 


column 


column 


column 


column 


to 


to 


to 


to 


I. SUBROUTINE DISPLY2 (IDEV,DBM,WL,SCALE) 


Varg z == 


be 


be 


be 


be 


plotted 


plotted 


plotted 


plotted 


This subroutine provides the plot on the screen of 


display unit in log scale. 


CALL DISPLY2 (IDEV,DBM, WL,SCALE) 


where: 





on 


on the 


on the 


on the 


the 





IDEV is an integer value specifying to the system, 
the AGT/10 unit number (1 or 2). 

: DBM is the array which will be plotted on Y-axis. 

WL is the array which will be plotted on X-axis. 


SCALE is the scale for Y-axis. 


J. SUBROUTINE ILLUSTRATION 
SUBROUTINE RKTA in Appendix A 
SUBROUTINE DISPLY1 in Appendix B 


SUBROUTINE DISPLY2 in Appendix C. 
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II. COMPUTER METHODS FOR CIRCUIT ANALYSIS 


A.  TIME-DOMAIN 
The Kirchhoff voltage law (KVL) gives a summation of 


terms of the following three kinds: [4] 


AN Lee, 2 f i(t)dt, and Sa 


Similarly, the Kirchhoff current law (KCL) gives a sum- 


mation of terms of the following forms: 


YU , era | i ат апа N if Gey Ke lie 
where 
R - Resistance 
C - Capacitance 
L - Inductance 
M - Mutual Inductance 


i(t) - Current as function of time 


v(t) - Voltage as function of time 


By using the terms above and the technique to formulate 
the state equations from the given circuit are as described 
before. 

The state equations then must be described in the sub- 
routine STEQ in which the coefficient of the dependent vari- 
able (value of R,L,C) is controlled by the main program for 
the purpose of determining the effect of the response of the 


circuit in the time domain when the value of the elements of 
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the circuit changed. Subroutine RKTA then solves the state 
equations by the control of the main program. Subroutine 
DISPLY1 then plots the curve of the time-reSponse on the 
Screen of display mu (AGT/10). This is controlled by the 


main program. 


В.  FREQUENCY-DOMAIN 


Approached by the method of Laplace Transforms [4] 
© 
by BD ο ο το 
2С. 9100) = 51(5)-1(0*) 


ar fi(t)dt - 115) a š fi(t)dt 


| t=0* 


Neglecting initial conditions, the terms for KVL are: 


RI(s), LsI(s) and a ig) 


and the terms for KCL are: 
V(s) Әй 
В? CsI(s) and Ls V(s) 


By using the terms above and the loop equations or node 
equations the transfer function can be formulated in the 


f 


s-domain. . 

The main program for frequency response is realized by 
substituting jw for s and evaluating the response of the 
transfer function at different values of w. Subroutine 


DISPLY2 is then used to plot the frequency response with log 


scale on the screen of the display unit (AGT/10). 
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C. ANALYSIS OF TWO-PORT NETWORKS AS FILTERS 


LOW PASS FILTER 


R Ra 


Time-domain Analysis 


в. 





E Fa 3 
2 


KVL 
l R +v —v = O 
1 1 сі 
iR tv -v = 0 
22 с с1 
KCL 
LI o o, = 0 
А 
1 τ La, E С, or 
vs: 
M E lei B A dt 


(1) 


(2) 


(3) 





From (3) 
dv, dv 
кыбы πι 





Substitute j in (1) 


dv dv 


21 C 2 
aT + πα JRI EY 





N 
O 


C1 


dv, «ауы, ue V 
1 ш 1 BE 
| Ne R. + E, (4) 








Сі 





Substitute i, in (2) 


Av 


2 
сс V – V = 0 


КС, а+ C2 Οι 


C2 5 М 
Cl C2 (5) 





οι. 
(4) - (5) Cas” 














dv V 
с2 p Суу " C2 
dt R, C, Cl R,C, 
Output voltage = E 
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S-domain Analysis 



































KVL 
1 
Loop I К,1,(5) + (1, (s) - 1, (=) <=5 т" Уз Сере? 0 
ELE ds атау се) 
: cas CaS l 
Loop II R2I2 (s) + ΞΕ» + (155) ~ "το e =O 
CoS C,S 
I (s) 1 1 
EE. Е 
CIS t (c.g + RS +Ro )I2(s) О 
Matrix notation 
3i 1 
Rit TE ш E I (s) 
1 1 1 
| Ес Cisse с-з А: 12 (5 
1 1 1 1 
= ES + - = 
À (R4+ cs) ‘Gs cas R2) (292 
1 
1 V,(s) 
І (5) EN Os 
1 Vı(s) 
M = : = 
Va(s) (QS 12(5) С 21 


(1) 


(2) 


Vi (s) 








Transfer function 


2(s 1 ж 1 
1 i 


V 
Vs NM G сес Боа ρω r Т 
1 172 C1C25 ΤΣ cs (Gs C.S ΤΗ ο) ЗЕ 








т ЖӨН: A ee 
Vı(s) (RIR OCI ορ t (R CIR CAR,C)S rg 


< 


For Unit step input 


U) E A 


E 1 
^ S(8 * 2.618)(S * 0.382) 


1 0.17 1617 


S (S + 2.618) (5 + 0.382) 


ОЕ ИОГ: 


v. (t) e 9: 992t 
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HIGH PASS FILTER 





Time-domain Analysis 





Ку i 9 R2 Я 

















m 
! \ 
KVL d 
di 
3 Li ως 
I Re L, c г = 0 (1) 
di 
А 12 - 
i R + i, R, + L T um š V. = 0 (2) 
KCL 
a 119 
Жа Ly - lr = 0 
DELI 
From (1) 
di 
| : L! 
+ + = = 
к, (iy; 112) b dt E τ 
di 
τν Ray = Ri; т. bn (3) 
dt Benin, Loser, 
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From (2) 
di 





и | 12 a 
A ολ a ш? 
Ww EUR 
το - e EI ЫЗ; т T UN (4) 
dt iy, I5 Ε 


Output voltage = Ώρ-ᾶτ уу = Riliy = (R¡+R2)11 9 


S-domain Analysis 


В, Ro 
£i. 1,(s) L In(s) š | 
Vı(s) L,S $ 159 V,(s) 
5 І ioe 
KVL 
Loop I 
R,I,(s) + L,S(I,(s) - 1,(s)) - V,(s) = O 
(Rit L,S)I,(s) – LS I (s) =V (S) (1) 
Loop II 


RoI,(s) + LoS I,(s) + (I,(s) - I,(s))L,S = 0 
~ 1,5 I,(s) + (R,+tL,S + L,S)I,(s) = O (2) 


Matrix notation 


R,+L,5 EE Ii(s) Υ (5) 


= L, S R,+L,S+tL,S I,(s) 0 
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A = (Rı+tLıS)(R>:+tLıS+L>S) D. Pis? 


I2(s) = nS Vits) 

e L,S Vı(s) 

7 (Ві%,15)(В51,5-,,5) - 1252 

- L,S V,(s) 

— L¡L2S“+(R¿L¡+R¡L¡+R¡L>2)S+R¡Ra 
Va(s) = L2S I2(s) 

2 

V (8S) = L1L2S Vı(s) 


L¡L2S+(R2L¡+R1L¡+R¡L>2)>)S+R¡R2 


Transfer function 


2 
MN DS A 


V, (s) L,L,S*+(R,L,+R, 1, +h, L2 )S+R, R3 


For R,-19, Rein 
Pe, „HH 
V,(s) _ 52 


V, οὐ S#gTs3S rl 


ka 5° 
οτε 0.382 ) CS. ten Gren 


For Unit Step input 





Vols) = A A лы 
2(S) = 758 + 0.382)(8 + 2.618) 
νο T ы Chall 
(SE GIS) (S + 0.382) 
И О О 0.382t 





BANDPASS FILTER 
Ci 


Vi 





Time-domain Analysis 
JE: Ci 2 I С, 3 








KVL 6 
= 
idt 1 el 1 2 
mc EM ee і = 0 
2а 1 Cl C2 3 
KCL 
1, = іт 
dv, 
Te ж ат 
Ave, 
Η΄ 2 атс 
Substitute i, = 11ο in (1) 
dir, Μι Rir q ' ы V, 
dt Ly Li Li 


(1) 


(2) 


(3) 


(4) 





Substitute i} = i in (2) 








L2 
Еа = Е 2 Мер ο mus 
dt Б, L, L, " 
From (4) 
Soe E NS 
dt er C, 
From (3) 
ЕЯ - ΤΡ 
αἱ С. 


The State-equations are: 














ELM Ene у, 
dt L L ij 
1 1 1 
ra a _ e Yee 4 Wa 
dt Iz pm To х 
Ше ШШ жыл r2 
dt Cis “с: 
ee < 5,2 
dt С, 


Output voltage 
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S-domain Analysis 





Ew 


1 
C; 


02 
o 
кә 

ζη 





KVL 


Loop I 


I 
Cs + (1,-12)R,+(1,-12)E,8 = V, 


E + R¡+L¡S)I,(s) - (В,+1,5)1,(8) = Ү, (1) 


Loop II 


HM EI IPS DISC cs ER LaS) = 0 


-(Rı+LıS)Iı (s)+(Rı+LıS + 





1 
6.8 + RetLeS)I2(s) = 0 (2) 


Matrix notation 





gg this -(Rı+LıS) Iı(s)| |У, (5) 


1 
С25 





-(Rı +L, S) (Rı+tL,S+ ἜΠ2 125) l2(s) 0 


1 
С25 


1 
(C18 





2 
BES) (B itb ie p) 


[> 
N 


+ Rı+tLıS)(Rı+L,S+ 


T 
бл eS a OCR LCR) 


CES 


112 


+(L,C¿+L2C2+R,R2C,C2¿+L,C,)8?+(R,C,+R,C,+R,C,)8+1] 


| 


38 





12(5) 


V. (s) 


E (Rı+LıS)Vı(s) 
A 


(Rz+128)12(s) 


_ (RıtLıS)(R,+12S)Vı(s) 
A 


Transfer function 


For 


Unit Step input 


V5 (S) 


V2(t) 


V2(s) 


Vi (s) 


R, 


C 


Ly 


1 ohm , 
1 farad, C, 


1 henry, m 


. C41C; S? (R,R2* (RiL;*tR;Li)S8 ы 11,52) 


1 ohm 


e 
№ 
ІІ 


1 farad 


1 henry 


929525 


S* +28? +48? +38+1 


S (ST 


(8:0.5%11.538)(8:0.5:10. 362) 


0.585-10.19 , 0.585+j0.19 , -.085+j.117 , -.085-j.117 


S+.5-j1.538 S+.5+j1.538 S+.5-j.362 S+.5+j.362 
1.17(5+0.5) fe. 37.9 18538) .17(S+.5) 


(S+.5)2+(1.538)2 (S+.5)2+(1.538)2  (S+.5)?2+(.362)2 


.229(.362) 
~ (S+.5)*+(.362) 


Тое. 


e” 


DD es 


‚ot 


Bot 


EST 


О 


cos(1.538t)+.379e "”"sin(1.538t) 


ot 


сов(.362%)-.299е “““5іп(.369%) 


ot 


cos(1.538t+17.9)+0.285e °~ “cos(.362t+53.4) 
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COMPUTER SIMULATION OF TWO-PORT NETWORKS 


D. 


COMPUTER SIMULATION 


FOR LOWPASS FILTER 








Voltage 1.0. 





ў 
i 
Ш 

4 
' 
E 
E 

Y 
E 
L 


rn 








5.0 Time (sec) 


4.0 


Figure 1 


Time Response 


; R2 1 ohm 


1 ohm 


R1 


1 farad, C2 = 1 farad 


C1 


Computer program in Appendix D.1 


Computer Printout in Appendix D.2 
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DB 


Г 
Г 
Jl e Zee ео 
Г 
Г 
| 


CEE E pr" 


LIUM MEE P 





πιο ο 


(rad/sec) 


Freq. 


2 


Figure 


Frequency Response for Lowpass Filter 


1 ohm 


R2 


3 


1 ohm 


R1 


1 farad, С2 - 1 farad 


(ЕТ 


Computer program in Appendix D.3 


Computer printout in Appendix D.4 
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COMPUTER SIMULATION 


HIGHPASS FILTER 


Voltage 


е = 


- ~ = - = = = = - = = 





Time (sec) 


Figure 3 


Time Response 


1 ohm 


R2 


R1 = 1 ohn, 


1 henry, L2 = 1 henry 


11 


Computer program in Аррепаіх Е.1 


Computer printout in Appendix E.2 
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DB 


-10 


Ó ` w =<“ - = w 


# 





-20 


10. 


(rad/sec) 


Freq. 


Figure 4 


Frequency Response for Highpass Filter 


JL (oye R2 l ohm 


R1 


1 henry, L2 = 1 henry 


Li 


Computer program in Appendix E.3 


Computer printout in Appendix E.4 
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COMPUTER SIMULATION 


BANDPASS FILTER 


Voltage 





Time (sec) 


Figure 5 


Time Response 


ohm, R2 1 ohm 


1 


ЕТ 


l arada C2 = 1 farad 


ei 


1 henry, L2 = 1 henry 


L1 


Computer program in Appendix F.1 


B2 


Computer printout in Appendix 
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DB 





ο. ο 1. O TOFO 
Freq. (rad/sec) 


Figure 6 


Frequency Response for Bandpass Filter 


I 


Rl = 1 ohm, R2 1 ohm 


C1 


Il 


18 farad, C2 = 1 farad 
Li = 1 henry, L2 = 1 henry 
Computer program in Appendix F.3 


Computer printout in Appendix F.4 
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Voltage 





Time (sec) 


Figure 7 


Time Response 


O. 05 ohm 


R2 


R1 = 0.05 ohm, 


farad 


C2 


ww arad? 


C1 


1 henry 


L2 


1 henry, 


L1 


Computer printout in Appendix F.5 
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DB 





(rad/sec) 


Freq. 


Figure 8 


Frequency Response 


0.05 ohm 


— 
— 


R2 


Ha Ome ohm, 


1 farad, C2 = 1 farad 


CI 


1 henry 


L2 


1 henry, 


L1 


Computer printout in Appendix F.6 
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Voltage 


is 
7 
М! 
ге» 
AE 
A 
1- 
yu 
S 
" 


та r Ee a 





Time (sec) 


Figure 9 


Time Response 


4 ohm 


R2 


R1 = 4 ohn, 


1 farad 


— 
— 


C2 


Та атап, 


L2 = 1 henry 


1 henry, 


L1 


Computer printout in Appendix F.7 
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DB 


jœ. TX m II P > 


P E DECRE x 


~ = h 2-1. js po 4. | 


-- - as -= bis -- ele Г =-4 = = 


ve uie. 


ee an = ota "o d. 


hos 


т алы ea A 
E u 


P - | RU = L κ. 


Ұй 





(rad/sec) 


Freg. 


Figure 10 


Frequency Response 


4 ohm 


R2 


RI = 4 ohm, 


ї Шагаа, C2 1 farad 


— 
— 


Сі 


1 һепгу 


L2 


Cits һеёепту, 


Computer printout in Appendix F.8 
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E. CORRELATION OF TIME AND FREQUENCY RESPONSE 

From the time response of the two-port network as a fil- 
ter some aspects of the transfer function in s-domain can be 
determined that lead to the frequency response of the net- 


works by the concept of 
H(s) --» H(jw) —7* Magnitude of the Fourier Transform 


Some aspects of the time response of the two-port network 
to the unit step input that indicate the form of the trans- 


fer function of the network are discussed as follow: 


Volt Volt 





Time Time 
Figure 11(a) Figure 11(b) 
INPUT WAVEFORM OUTPUT WAVEFORM 


Configuration of resistive network in Time domain 


From the time response (output waveform) it is immedi- 
ately seen that the network is a resistive network. The 
transfer function of the network has no poles or zeros. 
Gain alone exists, so this network's response to any fre- 


quency is the same. 
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For an output waveform that looks such as that in Figure 
12(b), the transfer function of the network has one real 


pole, no zeros and the time constant can be obtained by 
К ж 1 
time constant = т. 
1 


where t, = time when output = 0.6321 of input. 

The location of the pole is recognized as equivalent to 
time constant, and the network must have the characteristics 
of a low-pass filter which has the cut-off frequency (w/sec) 
at the location of pole. 

For the output waveform such as in Figure 12(c) the Knee 
indicates that the transfer function has more than one pole 
so the drop in magnitude as the frequency exceeds the cut- 
off frequency faster. The bandwidth can be determined in 
general from the shorter the settling time the wider the 
bandwidth and vise versa. 

For an output waveform such as in Figure 13(b) with no 
undershoot the transfer function of the network can be de- 
termined to have one real pole and one zero at zero fre- 


quency. The time constant can be obtained by 
Р A pi 
time constant = m 


where t, - time when output - 0.3679 of input. 

The location of pole is recognized as equal to the time 
constant, and the OT must have the characteristic of a 
high pass filter which has the cut-in frequency (w/sec) at 
the location of the pole. So the shorter the time-constant 


the smaller the value of cut-in frequency. 


o1 





Figure 12 


Configuration of Lowpass Filter in Time-domain 


Volt 


Fig. 12(a) Input Time 


Volt 


.6321 





E O CO TU nFFh _. 
жы Time 
Volt 
Ж” Епее 
4 
Time 


Fig. 12(c) Output 
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Figure 13 


Configuration of Highpass Filter in Time-domain 


Volt 
1 


0 Fig. 13(a) Input ше 


Volt 





Fig. 13(b) Output 


Volt 


0 Time 
Pig. Taste). Output 


For an output waveform such as in Figure 13(c) the under- 
shoot indicates that the transfer function has more than one 
zero so the increase in magnitude with frequency before cut- 
in frequency is steeper. The peak of the undershoot also 
indicates the location of another pole. The more undershoot 
the smaller the value of the frequency of the pole. 

Figure 14(b) shows the output waveform with oscillation 
and damping. The transfer function of the network in the 
simplest contains a pair of complex poles. The imaginary 


part of the poles can be determined by the period of the 


oscillation. 
° p. 
ig T 
w = 2f 
where f = frequency in Hertz 
T = period of one oscillation 
w = frequency in radian/sec. 


The real part of the poles can be determined by considering 


how fast the magnitude of oscillation dies down. 


M. 
Ing) = -KT 
1 


where 
M. = Magnitude at time t, 
1 
M. = Magnitude at time t, 
2 


το is apart from t, by period of one oscillation T 


K = real part of the poles. 
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Figure 14 
Configuration of Bandpass Filter in Time-domain 
Volt 


1. 


0 | Fig. l4(a) Input S 


Time 





Fig. 14(b) Output 


Time 





Hig. асс) Output 





Because the transfer function of the network is deter- 
mined to have complex poles; the network must have the 
character of a bandpass filter with the peak frequency re- 
sponse as the oscillation frequency in the time response and 
the bandwidth of the filter depend on the damping factor. 
The smaller the value of damping factor, the narrower the 
bandwidth of the filter. 

A time response such as in Figure 14(c) indicates that 
there is more than one frequency of oscillation. Therefore, 
the transfer function of the network must have more than one 
pair of complex poles, however the dominant poles have the 
most effect, so the method that is described above can be 


used as an approximation without too much error. 


F. DESIGN PROCEDURES 

From a circuit the state equations can be formulated 
along with the transfer functions in the s-domain. Then the 
computer programs are used to present the time response of 
the network on the screen of the display unit. The computer 
program recomputes and presents the display every time the 
elements of the networks are changed in value. Thus the ef- 
fect on the time response due to the change in values of the 
elements can be investigated. For two-port networks (as 
filters) some aspects of the time response as described in 
the previous section are used to approach the frequency re- 
sponse by changing the value of the elements of the network. 
Thus the time response wavelorm can be reshaped to have the 


aspect that indicates the frequency response. This includes 
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the bandwidth, cut-off frequency, etc. If the transfer func- 
tion of the network in the s-domain is available the computer 
program is used to get the frequency response presented on 
the display. 

Sometimes it is not convenient to compute with actual 
circuit values the responses needed. Then the network may 
be frequency scaled. 

1. Frequency-Scaling [2] 

A frequency-scaled network will exhibit the same 
characteristics at frequency w' = kw that the original net- 
work exhibited at frequency w; if each element in the fre- 
quency-scaled network behaves at the new frequency w' = kw 
the way the original element behaved at frequency w.  There- 
fore, to frequency-scale a network oy aà factor of k, we must 
frequency-scale each element that is affected by frequency 


with a factor of k. 


Element Value Element Value 


After Frequency-Scaling by k 


R R 
E L/k 
C C/k 


2. Magnitude-Scaling [2] 


A network is to be impedance-scaled by a factor of k 
if each impedance in the network is scaled by a factor of k. 
Since the impedance of a resistance is R, impedance-scaling 


a resistance corresponds to scaling the resistance by a 
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factor of k. The impedance for an inductance is jwL. Hence, 
impedance-scaling an L-henry inductance corresponds to scal- 
ing the inductance by a factor of k. On the other hand, the 
impedance of a C-farad capacitance is 1/jwC. Hence, imped- 
ance-scaling a C-farad capacitance corresponds to scaling 


the capacitance by k-!. 


Element Element Element Impedance Element Value 
Value Impedance After Impedance-Scaling After Impedance- 
By k Scaling by k 
R R k(R) » kR kR 
L jwL k(jwL) = jw(kL) KL 
1 1 1 
E jwC kCiuc^ ^ j3«(C/1) C/k 


For example in the design of the bandpass filter use 
the value of R in order of an ohm, C in order of a farad, L 
in order of a henry. By using the method described above 
the peak frequency can be obtained along with the bandwidth 
as a percentage of peak frequency. 

The scale factor may then be used to calculate actual 


values. 
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IV. CONCLUSIONS 


The use of small-scale programs that are designed to pro- 
vide an output over a wide range of parameter variations can 
sometimes be as effective as the large-scale programs. Plot- 
ting of the output waveform can be interpreted easily be- 
cause the scales can be changed. Design problems can be 
handled as long as the circuit is not too complicated. For 
the complicated circuit, the state equations and the trans- 
fer functions are difficult to formulate. Then it is neces- 
sary to use the large-scale program to get the state-equations 
and also the transfer function. 

The possibility of modification of the small-scale pro- 
grams to make them useful to secure the solutions of larger 
networks exists. In addition, programs may be used to se- 


cure from the time response to a frequency response. 
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APPENDIX D.2 


TIME RESPONSE GF LSWPASS FIILTER 
R1=1+000 R2@=1e000 C1=1-000 Ce=1+000 
TIME= «00000000 BUTPUT VBLTAGE= «00000000 
TIMEs «05006000 8UTPUT VBLTAGE: «00118958 
ТІМЕ = «10000000 B8UTPUT VBLTAGEsz «00453175 
TIME= .1500C000 SUTPUT VOLTAGES 00271391 
TIME= “22020020 SLTPUT VOLTAGES «01643202 
ΤΙ ες 425000000 BUTPYT VELTAGE= . 02458588 
TIME= «30000000 B8UTPUT V8LTAGE- dac sau 
ТІМЕ- 235000000 SUTPYUT VOLTAGEs 04401957 
TIMES „40000006 SEN TE LAGE = «05501306 
ТІМЕ- «45000900 ӘЗТРУТ VBLTAGE= 05666861 
ΤΙ ΕΞ 209259000 CDI BEUTSVBIETAGES 07886629 
TIME= 2209000 752 TPUTZVYHLTAGE>= 009150414 
TIMES «602000000 BUTPUT VEBLTAGE= 10558973 
TIME= "ege ococOO SS TIPUTSVRIZTAGE:s «11774506 
TIME= «700600000 BUTEUTEVELTAGE- 16420173 
TIME= «75000000 BUTPUT V8LTAGEs 415480062 
ТІМЕ- 202000004 OUTPUT VOLTASE= «15849021 
TIME= «85200000 S3UTPUT V8LTAGEs «17222613 
TIMES «20000900 BUTPUT VBLTACE= «18597005 
TIMES «9550C000 BUTPJUT V8LTAGEs 19968896 
τιμες 1«000000CO BUTPJT ме ТАЗЕ = 121335449 
TIME= 1«05000000 BUTPUT VELTAGE= «22694237 
TIMES 1210000000 @UTPUT VELTAGE= 24043187 
TIME= 1.15000000 ӨЈТРОТ VBLTAGEs 05380538 
TIME= 1.2000С000 SUTPUT VELTAGE= 26704803 
TIME* 14252300000 BUTPUT VB8LTAGEs 28C14730 
TIME: 1.2000С020 ӨМТРОӘТ VOLTAGE: «29309276 
TI^Es 1435000000 8UTPÜUT VOLTAGE: 30987578 
o = OSO CODO EU TRÚN VOLTAGE = 31548933 
TIME= 1245090000 ӘИТРОТ VBLTAGEs бз 22774 
Ti«Es 1556000000 BUTPUT VBLTAGEs e 34 312652 | 
BITTE ere SOOCUP OP GITPUT VELTAGc= 095 (62525 
THNE= 1.с000С090 BUTPUT VƏLTAGE= 36715250 
SE = Mel eGnCCCO00 BUTPUTSBVAISEAGE s .37885521 
КЕЕ 572222000 ο τοῦ УӘШХОЕ- 422040962 
TIME= 1.75222000 в9Т>291 У8ІГ ТАСЕ- 40169516 
TIME= 1.32000200 GUTPUT VELTAGE= 044283183 
JI τν ο 0060206089  JTƏ0T VOLTAGE= «42378009 
πη, το7οσε HUTPUSMV^ISRAGE s «43454079 
Ол 2222 BUTPSTINVAMPAGE: 11507 
TIMES 2400200000 8JTPUT VOLTAGE= 45550435 
ТІМГе 2:0500000€ BUTPUT VOLTAGES 446571028 
ТІМЕ- 2.120600000 3UTPUT VOLTAGE= 47573573 
ЕЕЕ oe GOCO SUT IT VOLTAGES = 042557970 
Tie = 220050000 SUTPUT vaL T^GE- 49524733 
E eC CONC OUT PIT VBETAGEs «50573390 
ТІМСе 2.30590C00 8JTPJT VOLTAGF- 51405975 
ШЕ AS ECO ΡΤ VBLTAGEs 2200932 
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&£«'tOCOODOO BUTPJT VALTAGE= 253219197 
245000000 SUTPUT VSLTAGE= «54100755 
2220000007 BUTPUNA VELTAGE= 054966131 
Bel oe Όντο EUTPUT VELTAGE= «55815453 
2.80000900 8UTPUT VOLTAGE: «56649099 
2.6500C000 BUTPUT VOLTAGE: ο νότα. 
2709000000 OUTPUT VOLTAGE= πας ους” 
@e750000900 BUTPUT V8LTAGE:s 1590579336 
ο ο οὗ SUTPOT VILTAGE=S 059231165 
οποιο ο ο GUTPUT VELTAGES «60589881 
ο ο ο ο OUTPUT VOLTAGE š «613234386 
.25200000 8UTPUT VOLTAGEs «62264933 
«00000060 SGURPUT VELTAGES 62781770 
Er BULEUT VEETAGE= . 63485142 
«12000000 OUTPUT VALTAGES .64175293 
205000905000 SUTPUT-VSLTAGES «642524562 
«20000020 ӨУТРОТ V8LTAGEs «65516886 
0259000000 SUTPUT VSLTAGE= 466168799 
23202009220 ӨШТЕЙТ ҮЗІ ΤΑΩ͂ΕΞ 66808429 
ΕΠ ΠΕ BUTFUT VELTAGE= «67436003 
*4000C900 BUTPUT VSLTAGEs «68051743 
.4500C0O00 ВОТРОТ Уе, ТАСЕ = «68655870 
«50000070 RUTPUT VBLTAGEs «692458597 
435520000 GUIPUT VOLTAGEs «69830138 
«60000020 BUTPJT VSLTAGE- «70500701 
«6500000C BUTFUT VOLTASL> 70950190 
70000000 SUTSUT νθι ΤΑΩ͂ΕΞ «71509705 
750900007 GUTFUT “el WAGE: 072048551 
e560000000 8UTPUT V8LTAGEs ‚72577215 
«550060020 BUTPUT VALTAGE= « 73095389 
τος ο οὗ ӨОТРОТ VOL IMAGE = 73605762 
«950600000 BUTPUT VSET GE 478104017 
Ooo OCCUR GeteuUm VELTAGE= 47459328537 
20-0000008 CEETP AC vot TAGE x mug 
09000000 ο TX TE VOLTAGE s 21755345573 
«15000000 OUTPUT VOLTAGE= «76003435 
ο ο σος TUT VOLTAGE «75462051 
ο ο ο ο ο που σι АСЕ «76907587 
ұл 


КЕ Б гім қу ал зала Пт ГІЛ ор ο UI ID II LO O УОК 


Der 
τε 


4+30000000 BUTPUT VOLTAGE 077344304 
4.S50C0C20 GUTPUT VELTAGE 77772861 
4,40000000 SUTPUT VOLTAGE .78193313 
885000000 SUTPUT VƏLTAGE ‚78505815 
4.5000С000 GUTPJT VBLTAGEs — «79010515 
^.55260000 BJTP'UT VOLTAGE= — 473507561 
&«602000CO SUTPYT VOLTAGES «79797058 


2 
5 


+ 


ορ ο ρου TAGE 59179263 
4-72000000 £UTPUT VALTAGE= 80554209 
»7500С000 BUTPUT V8LTAGE= — «80922059 
ποῦ ΕΟΤΡύΤ VAL TAGE = 081082951 
4h. 35900090 BUTPUT VYLTAGE= 81637016 
eee ος οσο ο ώς 291988335 
46959600090 YUTPYT VOLTAGES — «82525153 
pu op CEU TOF] NALTAGE = nn 
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APPENDIX D.4 


BREGUBNCY RESPONSE GF EGWPASS FILTER 


е1 = οσο Ρατ «000 C1=1.+.000 Cez1l.000 


2 15622а7164 
«1205456072 
«19492754560 
«19257252231 
«2551723794 
42969226213 
седа 
42152775162 
ΠΠ A 
vesc FO 
(«cjuo RR 
«2328523292 
ecu 5470892 
er 1183542 
(25703957? 
«0530257992 
ВЕ За” 
EQ cox 


сока 5 12293 


«290611105 
0 892475555 
45550035429 
.583793751 
e8&79243152 
«5374556123 
«869719856 
«865729734 
nooo ses 
«85^ 320414 
«8458919780 
«65433132423 
937583650 
831702942 
‚325671660 
45194580680 
un 8 
25275572329 


200041133 
72 


FREG(RATD/SEC) MAGNITUDE MAGNITUDE (08) 
НИС ЛОТО . 0606691315 = 2958253615 
21223529249 965200316 = 2 30765089 
“1937127255 «9636562003 =e 32164771 
727151231 «962026635 =. 338252308 
0169647229 «960339205 “6325150681 
ы гоо Аас 054581458 =+ 3671519520 
«114815362 4956750873 -.38402065 
117329455 «9545844884 -. 40134349 
1120226443 «9525860868 -+41941018 
“1223025877 uon MOT = ¢ 43825164 
410205822541 49485648037 = 4578289775 
1123824255 «946413748 = 47537919 
«1315225674 «9445090495 =- 49972749 
«134587527288 «941675548 “252197505 
4135С3%%26 2932165747 = .54515511 
241223753 «9365585083 = 56930173 
1144943977 e 232250220 = 594449802 
«1472710239 «931039798 = «62062929 
. 151356125 «929122494 -:64782403 
0154221662 «925026002 =. 57626392 
9158459219 921257816 -.70578276 
162121010 912773250 -.7 3645928 
165252691 49153328556 = 7681422286 
«169824355 0911840384 “50166350 
0173721033 ‚902 224594 =#83613197 
117782 70141] 9044823264 -.27195930 
«1819700856 500612854 ~ 90923714 


94791773 
„98207341 


“102974629 
ЕТТЕ ЛЕРІ? 
sys a el 
-1.16430554 
-1:2.124&213 
Seer on sve lS 
=l ο ας ον 
=1u36755422 
-1.4229%139 
= 11480272199 
"10539423507 
=- 115006395 
m1 065285874 
-1472914525 
-1.7/9553043 
71.«56605671 
η 75158 





‚288403155 
22951228298 
. 2013225172 
209029848 
«316227766 
323933687 
me Set el 
«2338854156 
«3467365850 
354313389 
3983072055 
556565 
«380189396 
. 3829045145 
: 08107170 
407350278 
6416669383 
ο. ο ο 
bots. 
154662313997 
15123139 
SA οἱ τη 
0478630092 
oo 7 LS 
$50 18655 7933 
(4512851384 
524807461) 
537031796 
«549540874 
156234132E 
πως ΟΝ 
45288436655 
Исса 59546 
uc jones o? 
06320957344 
Палата ла 
ο ο nq» 
ο ο 7225975 
(6018s 30971 
voL um BA 
ç κο EC 
. 7513510051 
ο ο το Е 
ΠΕ 
e 7942324234 
«BN TL SD 
7771 
ο ο scr V 
Lo S CI E) 
vc ct Ms 
ΤΟΙ п 
ο 


eM uGIWPE SA 


«793262914 
0 786339403 
07793272644 
«772064992 
«7651981 3 
57237386 
.74962%4596 
47818834029 
0734017463 
«726031165 
717923975 
70207205298 
: 700295978 
6225752097 
«6854458993 
45645552385 
‚667162019 
865595993093 
«640551946 
«645064545787 
425316227926 
622657746 
κε! al 
«604483233 
‚595341859 
«5861730548 
1575283247 
5677752553 
‚552566196 
«5493571918 
0540140955 
0530940524 
үйі 25121167) 
0512593435 
‚503453077 
04294355432 
432290714 
47 6268945 
ο ο еы 
ЕЗИ ВЯБЕ 
«ιο 
712 
4431966020 
PARO. e 
«4146909532 
лсо aes 
ο. 1117 
221716517 
SOROR RO 
442925507 
206070537 37 
nom o4 163 
242678353 


πο 


“2001165698 
-2.08779223 
-2.16621133 
-2.24692280 
-2.32.996110 
-2.41535216 
-2.50311996 
252322622 
«2168287215 
-2.785089473 
-0.87837037 
20372231203 
-3.08073458 
-3.18564478 
-3.29305131 
-3.402959/8 


Soe Oey o/c. 


-3.63029%68 
"3074772204 
- 3126765406 
-3.290035939 
-41.11501209 
-4.24242476 
-4.37231483 
-4450%67161 
-4163243308 
-41.776735°4 
=4.916435/3 
412522187480 
«5. 20299342 
en. 34989724 
254199052051 
-5.65065918 
«5480553921 
25. 26073374 
“6011921378 
“6027996037 
©6044295469 
-6.60817318 
ШЕКТЕР ОЗ 
=. 4524043 
-7.117044 44 
-7.291009820 
-7.46711645 
-7.6%530402 
-7.52570/93 
-2.008104+93 
NS EE 
E. 279344040% 
«230565304655 
-2./ 3081442 
ο οσο αλ 
-Q 1146519255 





«cU cnm 
1.С00С2С000 
Қы 925202990 
1204712735428 
0715199805 
POS A/2 1396 
14122018%54 
Ше 42153601 
AA 
10202254434 
к 250254770 


Ме 225249551 
14318226738 
13095952542 
1. 32032472654 
13412537544 
11445429779 
1.472172382 
195913521258 
14225516612 
14554593192 
ΕΞ 
Paco EDO] 
1. 6992243652 
107375300828 
Te 77227949 
1:819792255. 
Pocos eA 
ο ο σσ αι 
1942844599 
2,2221 
2041737244 
Р.СР322-130 
2.157/952С2ғ9 
er 12772162: 
ear 11355 
2.7997225357652? 
Ce 3542029814 
5.2 pcc ο 
Сас аат 
ποτ ΤΠΕ 
Са οσο οσο». 


C ee rcu Ae T 
Qi o17 34» 543 
Сш 402575? 
Qa πο 
Quac O 
Qd oC απ 
а ο πια 
dan uu des) 


«341057476 
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APPENDIX E.2 


TIME RESPONSE &F HIGHPASS FILTER 


R1=1.000 R2=1+000 


TIMES ‚ 00000000 
TIME= mee 200000 
TIME= . 04900000 
DIEM 425000090 
TIMES ο ο ους 
TIME= 210900000 
ЕГЕ «120009000 
TIMEz «140000020 
πι ΕΞ «16000200 
TIME= «18000000 
ТІМЕ = 422000000 
TIME: .22С00090 
πι. «24000090 
TIMES ¿2600090090 
IDEs «230000009 
ДМЕ = £ 5006906 0 
TIMẸ= «32000000 
TIME- © 340900000 
TIMES «36000000 
TIME: e38060C000 
I Es ««0COOCOO 
TIME = «42500000 
TIMES «44900000 
ШЕГМЕ 2 646000092 
TIME = 4:5200000 
ПИЕ = «50000690 
TIME 452000000 
TIME= 514900000 
TIME = 2-50 9000 
TIMES 050009000 
TIMES .6020С020 
TIMES .52020С007 
TIMES «540000CO0 
TIME: 75121618 8191018 
MIME = O DIO 
TIME= 27529002002 
ШІМЕ- απ 
Е = 4090090 
Iho 476020090 
TIME = «78906000 
TIME = * ACONOCCO 
πι - 82000000 
ΙΕ e REGACOIO 
TUNE = — Spo. 
TIC s ec ACGOQ00^ 
LI o = 7219/ 91919101619 
Е ο ας 
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ἱ 151000 L2=1.000 
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BU TEST 
RUTPUT 
oom 
асиет 
BUTPUT 
ВОР О 
Soe oo 
ΠΕ 
BJTPUT 
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PUTFUT 
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BUTPUT 
BUTPUT 
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ELTFUT 
SUTPUT 
SU TPM 
SUTPUT 
@UTPUT 
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SUTPUT 
OUTPUT 
ВУТРОТ 
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SUTPUT 
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VBLTAGE= 
VSLTAGE= 
VELTAGES 
V8LTAGE= 
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V2LTAGE = 
VOLTAGE = 
VOLTAGE = 
VOLTAGE = 
VOLTAGE = 
VOLTAGE= 
VOLTAGE = 
VaLTAGE= 
VOLTAGE = 
VOLTAGE= 
VSLTAGE= 
VELTAGE= 
VOLTAGES 
VGUTAGE= 
VSL TAGEs 
voL TAGES 
VSLTAGE= 
VBLTAGEs 
VSLTAGE= 
VSLTAGE= 
VOLTAGES 
VOLTAGE = 
VOLTAGE = 
VƏL TAGE = 
VALTAGE= 
VOLTAGE = 
VEL TAGEs 
VBLTASE= 
VOLTAGES 
VOL TACO 
VELTAGE= 
ВІ ТАЗЕ = 
VALTAGE= 
Vil eG = 
ΠΤ 
VOLTAGES 
VAL TAGES 
VOLTAGL= 
vO] TAGE=S 
πο Ἱλας- 
VOLTAGE = 
Vol TAGES 
VEL TAGE = 
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73671769 
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«64961559 
060944834 
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«53531385 
«50113677 
«46575555 
«43807789 
440901679 
43851438928 
«35541675 
033072457 
« 30734196 
28520174 
2542401 3 
«24439665 
422561389 
«20783736 
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«17509885 
«1560045127 
«145798445 
«13232845 
«11959151 
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FREQUENCY RESPONSE ВЕ HIGHPASS FILTER 
R1=1+000 R2=1+.000 L1=1+900 Leé=1.000 


FREQ(RAD/SEC) 


«1050000090 
ο πα ος ος 
104 712252 
210 7161931 
«1096476220 
112201345 
«114315362 
0117429755 
01290276443 
22026577 
1255223544 
a cle eo OR 
«131875574 
«134296085 
«133028425 
ο ο ο ο 
.144543377 
147219253 
ο ο 9 ο ο 
27152881662 
«155429349 
sO TaS 
616575560 


> і а) =” pe 


«213796299 
0212775162 
«<< je 751158 
«ος ο 8 
0234422281 
‚23192232292 


en Ту ңғ 7 ” 
er 54708397 


APPENDIX E.4 


MAGNITUDE 
οὐ δρ τα 
ο ο σος 
2010565107 
«011045544 
«01 154597 
«012067826 
Otra 
ο. ТЛЕОВОС 
.6157736G636 
«0143908282 
ο οσο ο ο 
20157062559 
«01640642 
«017135676 
«017895434 
"¿0130866799 
πον ο 5 
. 0203686931 
«021262058 
πο y 
.023158523 
«0205164373 
«025210349 
«026297764 
«0274527953 
028602270 
+90228272074 
031088811 
(0324203529 
00337685468 
ο ο UL 
0366520955 
0038175498 
«039753048 
0041388567 
08430662021 
20155835273 
0046650984 
O A 
«652469506 
0952475902 
ο Oe LES 
ο ο ο ο ο 
ο νο Je 
ο ου ος σον 
20639549506 
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MAGNITUDE (D8) 


“40.294 24354 
"39090765029 
=- 39052164771 
- 39013525508 
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APPENDIX F.2 


TIME RESPONSE SF BANDPASS FILTER 


R1z1»«000 R2214000 С1=1,000 C2=1»000 L1=1.000 L2=1«000 
hise 009900090 SUTPUT VBLTAGE= 1, 0000С000 
TIMES «10000090 BUTPUT VSLTAGE= «98552083 
IN MES 2000000 7 SUTPUT VELTAGZE «94430088 
TIMEs «30000000 SUTPUT VELTAGE= 87.202873 
TIMES 20902000 ВОТРОТ VILTAGES © 79623830 
TIMES «50000000 BUTPUT VSLTAGES= «69712895 
TIMES 060000000 BUTPUT VSLTAGE= 59675407 
MITES 472000000 8UTPUT VaLTAGEs («456881992 
TAYE = «59000090 BUTPJUT VOLTAGE= ° 34709630 
TIMES 09095090 OLIRPOT. VBISTAGES .22504029 
II J 1.97200000 SU TPUT VOLTAGE 210579342 
TIME= 1210000000 GUTPUT VS8LTAGEs  -4007866898 
TIMES 1420000000 BUTPUT VBLTAGEs -+11356232 
TIMES 1430000000 BUTPUT VBLTAGEs  -420933797 
TIMES 1440000000 B8UTPUT VSLTAGEs 729366573 
ТІМЕ- 12509000080 SUTPET VBELTAGES 736554778 
TIMEs 1462000000 8UTPUT VBLTAGEs  -«42500070 
uu ο οσο OU VRLTAGES -%165003%806 
TIMEs 1«8000C000 SUTPJUT VGLTAGEs - «50062058 
TIMES 1290000000 GUTPUT VILTAGES 7451916055 
TIME: 2.С60002000 BYTPUT VBLTAGE=) ++52534023 
TIMES 2?.10000000 OUTPUT VOLTAGES 7452298874 
TIME= 2.20090000 AUTPUT VBLTAGE= -.50453176 
Tees SOS OCOOCMSUTPUT VELTAGE= 179939502 
TIMES 2240900000 SUTPUT VSLTAGE= 70447790896 
TIME = 259090000 AUTPUT VSLTAGE= “«40226395 
TIMES 24560000000 SUTPUT VELTAGE= ~ • 36606959 
ТІМЕз P+.70000000 SUTPUT VELTAGE= -»3195668%88 
TIME = 280000000 PUTPUT VOLTAGES -• 27114226 
ГІМЕЕЕ 2.22000000 SUTPJT VOLIAGE= -.«2221С277 
ТІМЕз 2.002Сс00000 ЕУТРИТ УӨӘШТАСЕв -%1736465% 
ТІмСа 3s100090000 EJTPYT VOLTAGES -«12684616 
ОИ е0 (5000 AUTPUT VITA ADES -.02263327 
TIMES 3630790000 SUTPUT VOLTAGES «04178890 
TIMES 34523200000 BJTPUT VBLTAGEs -+00493853 
mud 10050009000 BJIPJTSVOLTAGESs «027449209 
TIMES 32669000000 BUTPUT VALTAGE= ος ο τρ 
Т -Ὅ-ιοοοιτνδιταες ο οτι Sc 
ТТЕ 50300005000 ӘСТРОТ VOLTAGE= «09539722 
ШЕРІ 3.28020200 ӘОТРЦИТ УОІТАОбЕ- «10818593 
ТІМЕ- 400500090 *"JUTFJT vOLTAGE- el 23,934 
ΤΠ. 2160775090 PITIT VELTAGE= «120001457 
mE 500659000 PUIPUT VBLT^GE- 11969390 
[nod ο οσο ιο ο ΕΕ VOLTAGE = «11581398 
DENTES. 2 05D9O- "UTPUT. VaL TAGF» «10884410 
Т = ДО Сосо ΠΤ] ΠΠ = 099024517 
τι. pt sc OD BUFFPIT VOLTAGE = «08766776 
TIMES %>.70020090 ВИТРО)! νο τοῖς Πχ 
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TIME= 480000000 8UTPUT VELTAGE= “06033661 
TIMES %-90000000 8UTPUT VSLTAGEs «04761833 
BIMEZO 52400090900 GUTPUT VOLTAGE= ο Reg 
m τα ο οσους BUTPRUT VOLTAGE» “01632055 
σε 5.2000С000 ӨЗІРІТ УӘГТАСЕ- 600250837 
«309000000 8UTPUT VBLTAGEs -»01631959 
TIMES 5.40200000 BUTPUT VBLTAGEs  -«020181271 
TIMES 5.50000000 OUTPUT VOLTAGE  -403207382 
TIME: 5460000000 RUTPUT VÉBLTAGEs  -«4C4C6656Cc 
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TIMES 5+70000090 OUTPUT VƏLTAGE= -»04760175 
Moe S<«SOCCCO90 BUTPUT VOLTAGE= -.05284732 
ΤΙΝΕΞ 5+96009090 BUTPUT VBLTAGEs 7405641410 


NISPSEEGeOOCOCOSO BUTPJT VSLTAGEs 05835578 
TMINXEE" 610000000 SUTPUT VBLTAGE- «05876257 
TIME= 6420000000 SUTPUT VBLTAGEs 7405775553 
TIMES 6430000000 BUTPUT V8LTAGEs =, 05548007 
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APPENDIX F.4 
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ΙΤ ΘΕ 
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A O 
«490673027 
459736079 
«6534587690 
DEI IR 
492470794 
Ου 








FREQUENCY RESPONSE ӨН BANDPASS FILTER 


Rix. e050 Re= 


FRESIRAD/SEC) 


οὐ οσος 
0102559299 
myer? 12255 
«10/1912931 
ΓΟ Ε.ΨΞ50 
ptas do YO 
s 1 a 
1 20 755 
+12022565443 
MES 
νο] 
122624555 
613125256574 
134596288 
«138033426 
210512253754 
1144543577 
UNIS TOSS 
πο) 25 


«1552416602 
15 
«162151010 
«1659588271 
$1699 0355 
S144 0785 


2177827941 
‚181970086 
18520871% 


% 

ΕΞ υπ 
21-550 
215220202771 
«204173794 
“205225513 
οι οσο 
2115776152 
«оозе ім 
το ο ος 
τ 
зод ооо 
τ ΓΕΒ 
«251153543 
no Nr ο. 
se... 67293 
2521590 2° 
uec EE 
02513338293 


APPENDIX F.6 


MAGNITUDE 
«090128841 
eN0014+0202 
сао 52 626 
000166216 
«002181086 
«000197368 
000215184 
«000234701 
«000256083 
0009279515 
000305202 
2000333368 
000364263 
10090398162 
002835368 
0004876218 
«000521082 
8000570378 
«0006242542 
209505234097 
e000749594 
000821654 
«0002009263 
«000988920885 
«001084465 
0011904149 
«901307284 
«001436139 
0012724317 
(001755259 
49015250127 
ο ος οσο τής 
υπο 
00754862793 
002805545 
003092931 
.003%11356 
. 761539 
(0047196567 
ΗΘ 51 
2055076207 
HO tae 14 O47 
0062149283 
ο ες 550 
see 7530851 
ο ο 4684730 


98 


6050 С1=1,000 C2=1«0090 11-1.002 12ғ1.000 


MAGNITUDE (D3) 


"77.798930%45 
-77.06492835 
= 76• 32745402 
"„75.58655823 
- 74184225982 
- 74, 094659498 
“73. 34381757 
-7/2%.58969861 
71483237613 
27107188497 
- 70, 30825656 
-69.54151%870 
"68.77169539 
"7 oS OOS > 
- 6722236791 
“66044389065 
- 65 .66185132 
-64.5/68%1502 
-654.408876764 
-63.29765071 
62 5035157602 
-61.706222291 
«60490586446 
60. 10236712 
„59. 29969044 
„58.42578666 
“5757265027 
-56%52606767 
-55.03611658 
>55 O66562 
„5432562366 
„53,55435923 
“52272034982 
-51.38183110 
“51 Í 0603935602 
“50e¢19259419 
-49: 34146914 
= 450148576284 
=47.62530405 
-%6%75256658 
745.88921517 
“45601308658 
-44. 13120049 
- 423024224560 
„434888217 
“4101404773724 








0283493150 
295122923 
«301995172 
«309029543 
316227766 
323593687 
s 4311251 
.3338%4156 
.346726850 
(354813389 
(363078055 
«371535229 
380189396 
389045145 
43981071702 
(«407380278 
(416859383 
0425579519 
(435515232 
‚4466223502 
(4570838189 
0467735141 
¿472630000 
0489778849 
‚501187233 
‚512361384 
(595807450 
БӘЛЕ С 
549540874 
‚562341225 
‚5754392937 
‚5888423455 
502559546 
06146595902 


ΕΠΕ ΘΖ 
3159) 505908 7 1 
ο τος δν 
272244835962 
сла аСТ 
sU oor E As 
47762471 To 
7943287234 
ο a 
25517023771 
ο OE 
° 27996259) 
° 
° 
° 


et) eG 


09397277 
0010443074 
01161653682 
оО 2291 
018413691 
“016083299 
017968388 
Зе вооа 
622218938 
025266839 
(10853972850 
«031975349 
20365075772 
080791658 
«046035953 
0052547712 
aaa α 
068508376 
072649192 
030675943 
0105050414 
I σεξυ ο” 
I 509271 
. 169567340 
.20218268/ 
243124577 
297771546 
«369249526 
469506932 
0612378099 
526949663 


16161130294 
ον ου οσα 
232105151296 
luna OMS 
1957939 po14 
103727323854 
1173943190 
Jo az 91257 


VIDA MESS Sl 
297006582 
ӨРТІ ЯС 
6825684758 
10207471547 
. 797 553150 
«795570021 
7975691570 
«30275554508 
‚17705538 
speboOc 7S O46 
558958105 
42861448303 
201] 003 


99 


«40053940447 
"39062343310 
- 3859933015 
“37, 766551*1 
- 360824495972 
-35.37249741 
-34 90931751 
"3302356533026 
-30.94902563 
-31.94596450 
-30.93429067 
-29.90369409 
22.85555734 
27078857276 
=260e/7004C1 20 
#25258 892381 
-24445152129 
“03028510652 
-2208611%05 
2085015836 
-19 (5720154462 
-18.24541214 
-16 6 2562180055 
«150413155383 
"1303585912071 
» 12026201348 
10602232735 
-8.53715C050 
"6056717636 
„4025960700 
-1062041851 
1.297612844 
37704919 
6«45570754 
6313750232 
45606078 
Em 72071026 
1«43725877 
(0963927 

“+ 3536575121 

>» 94405450 
"10306665597 
-» 1066371455 
*1185745437 
-1.964 458016 
1043975650 
-) 96971566 
„ө ops І 
ale 737/977271 
-1:55039549 
=} 37045973 
-1.04991100 
= 074067699 





ç 7757221 
1420009090000 
Шоо 0 nup 
12047125548 
1.0 41219355 
126996478196 
1 122018: 
1R 1453153621 
1.174597554 
112022644234 
1.2207 859 79 
142529254511 
J 5222659554 
J 2152856738 
423248542582 
14380384264 
1«5125375^44 
1.445435779 
941791023233 
"40513561242 
10522516518 
ας, δα αι. 
Ber δις 
522956207 
1. 598243552 
107275008228 
10775287809 
1925197008598 
14862087136 
59905850217 
ο ο 
992202201 
210417737944 
Sls ea oleae 
Qe na) 
223027155 
ESA ASES 
0.3%%8025818 
20.2:9563291% 
Ceo se aS 
С5115858206 
mange 
A a | 
Ce 491534265 
«ο 
pais 2330 
Cer Sey tone 
etic cee 
O 
ΤΟΝ} 


M 


e955646057 

«998758542 
10828205790 
1 1047697669 
1.169445612 
10243496379 
14323530155 
142560292726 
12540410479 
12673452254 
1.83044 7933 
20017842692 
2,.244676724 
25240214892 
20275487246 
3329860408 
3.93534 17/02 
4.7929 39989? 
6072923524 
EN 15955655857 


122754450609 
EOM USOS 
ο οποιο 
20. 05642435021 
11.909088^81 


84099538743 
62524010434 
513954669381 
4.561 744490 
326990003694 
315523963444 
221222572265 
22952812032 
2a 3 ote 12 
25507295508 
23932661 3 
¿253758207 
гоол егы 
саса 2204 37 
J 9611081288 
14.5870294595 
lee eso Gees 
Je 757 0512052 
14702295046 
11652611854 
15025 47 
Ἱ.δσου ο ο 
[р лр el 
ТӨНЕ 
ШЕ 757172 
1.83%593%60 


100 


«039405855 
”. 01078987 
50593109 
56543558 
1• 35260058 
10592299058 
2046742833 
3108510361 
3472272929 
4047226652 
542511%760 
609778613 
7023076906 
8«04186096 
9.17422391 
104425209595 
11«90620172 
13951105999 
15266795824 
18«26523958 
21178145359 
δ": co SO 
21415537055 
26048507027 
21151757044 
18e 49590830 
16290090294 
14057455322 
134159051912 
12301246545 
11207632223 
10. 16495456 
9240755710 
Белае ба 
82213352698 
νο ο σας 
νο ο ο.» 
6 | 65C61%15 
6. 2402/10 
556330512 
1Ο ΠΠ 
112277354612 
ЭЙЕ 7 
4662069571 
4036341727 
11035460 
1489-13-55 
340590835038 
3.49342155 
3.302301%2 
32130682312 





2016227 7658 
3. 2359365638 
39311311213 
3. 3489441^* 560 
306467368502 
30548133290 
30632720545 
2215352289 
20122732251 
3.25045 1448 
Ча 1071703 
4.072502776 
40162533232 
4462565795186 
be 365128220 
44655235919 
4.5/0821894 
4.6772351419 
4. 7585200221 
52377358191 
ο ο στο... 
το ορ. τε. 


ба h 
στ 


051755. 
5.495403735 
Dae Ti A 
54 9204 229378 
52555435552 
ο οσο ION 
ο 1 6520615 
64 20957344] 
6e 456542235 
6«60C5934476 
G. 760829757 
CAS uS 
70079457239 
7024435259045 
72412192405 
πι οσο αν 
ЖОТА A 
749432%0:42 
24122325156 
πι 7637756 
8:5113%23276 
81709635294 


144052289887 
1353707541 
1 «360949156 
1 3398580567 
11320228982 
46012979515 
12340720635 
12269102042 
14258272888 
1.28С%С0277 
Е 227307291 
1021522741 +4 
11203796604 
1920539208 
141829652768 
40173467669 
1. 15645245502 
12156097487 
F. 2151250 
o 140653592 
1.132574392 
Ie] O 
oues wu o 
1«11590501 
19039357215 
103523670 
10983514202 
120937123383 
16082161487 
14084546899 
ТӨП “ΠΠ 
1076872748 
140723188828 
1.069690994 
(1065359554 
120532139221 
1050218269 
эу алса 
1054662903 
ne.052.0825 223 
1040641435 
1.047312452 
10845098820 
κ οὐ τοσα 
1040925634 
ο: 1Η 
10937250791 
202290221 
10233575690 
1 03233 NS 

55.9 ΦΙΦ]81918 


101 


297383874 
ame coso ls 
2.67683801 
2654196246 
2941293525 
20292058303 
20417787/58 
2062933036 
1296734070 
ο ο τοσο 
197729778593 
1.69315116 
161106228 
me OS Se Ve le 
1445943992 
1432942257 
123223739655 
1225988914 
119222206 
4214307545 
1408900436 
1«03761^35 
«986576067 
91803927583 
«59812744 
οσο ους 
ΘῈ 
«/7805258 
475184553 
«790736904 
67454435 
«64328773 
61352011 
е 561576679 
ае т о ia 
532424502 
νος Εν 
245454056 
«45227345 
044104987 
442081932 
«40153354 
«38314714 
4365906253 
24519900659 
‚лг 051 
.3L272. 02% 
«303206150 
«28943358 
27026433 
490209000 





APPENDIX F.7 
REE RESPONSE LEN SIANOPASS EF ILL TER 


Riz4»000 R2=4+000 C1=1+000 Ce=1.+.000 Li=1+000 [2=1,000 


TIME= «00900000 ӨЈТРОТ V8L TAGEs  14000000CO 
TIMEz 100000000 OUTPUT TSL TAGES «98683333 
TIME= .20000090 BUTPUT VSLTAGE= 95369691 
TIME= .20000000 SUTPUT VSLTAGE= «90771578 
TIVES O00000 OTH [PUT VOL TAGES «85429405 
TIMES «50000000 'GJTPUT VSLTAGEs «79701128 
TIMES ο ο OOS SUTPUT VOLTAGE= 473839788 
TIMES «700009000 BUTPUT V8SLTAGES „68018055 
τινες .ЗОСОСОСОС ВУТРУТ VOLTAGE= .62350915 
πια .9200С0ОС SUTPUT VSLTAGEs «56912173 
TIME: 14.00020000C 8SUTPUT VBLTAGE= 051746412 
TIME= 1-10000C90 SUTPUT VSLTAGE= ‚46877650 
NIMES 1.Р9200С000 BULTPUT VBLTAGE= «42315590 
TIMEs 1630000000 SUTPUT VBLTAGE= «38060125 
TIME= 1440000000 BUTPUT VOLTAGEs • 34104563 
TIMES 1.50200С000 RUTPUT VELTAGE= . 30437945 
,ι.:- Ιὑθ0000056 —FITPUT VEL TAGES «c7056681 
fee ee ετ οσους ECUTIPUT VOLTAGE ЕСІТІП 
TIME= 1.209009009000 SUTPUT VSLTAGEs .21029311 
TIMES Γι ο ο ο ο RIT VEL TAGE => ‚18371651 
micas 22000070000 SUTPUT VAL TAGEs «15927170 
TIMF= 2.412000000 BuTPuUT V8LTAGE: «13680822 
τιμες 2.2000С000 BUTPUT V8LTAGEs 116182320 
TIMES 2220980090 SUTPIT VBLTAGE= $09795781 
TIMEs 2440000000 8UTPJT VBLTAGEs «07990654 
ППЕК ОЕ О ОООО του VOLTAGE= «06400847 
TIMES 2. 60000020 SJTPUT VBLTAGE= «04945162 
ΤΙ Ες 70060020 OUTPUT VOLTAGE «03613150 
TEE 2 220000200 SUTFUT VSLTAGES 002395231 
τινες * 2499000000 SUTPJT VILTAGES «01282351 
TIME: 34600000200 8SUTPUT VSLTAGEz «00266249 
τα C QPB s 106 50065 БІЛРОТ VOLTAGE: -.s00660751 
ιτ τοσο ο σι VOJTAG E 2401505099 
ІІУЕв 3.30200009 PUTPIT VOLTAGES -.02275162 
A EA OOOO ISA IT AG 66502875156 
9 ο ο ο ο ο ο του. SL TAGE -. 023611241 
TIME = EB ο ο ο GUTPUTTVSUTAGESs -.С04185542 
тт Ә2.700000220 ВОТРЦТ УӘ ТЕСЕ -.04711782 
EE es οσο ο CIUTPUT VOLTAGES «05185311 
B Еш ο ου ЧІТІР2Т Vel lAGE= -.05613139 
ie 5000022 ВОТРОТ ҮЗІЛАӘЕ5 -.05998959 
TIMES ο ο ο SUTPOT WOIE TAGES -06345167 
TIME= 4.20000000 GUTPUT VOLTAGS = - «06657900 
ШО 80500 nJT9UT va8LTAGEs «05937040 
ІЛЕ т КОШОГОГО Ө [РТ VOLTAGE > -.071#6242 
ТІМ = ЛЫП ао аЈТРОТ VOLTAGE = νι 7107950 
τι τος OO BUTPUT VELTASE= -+07604416 
TIMES uos SUTPUT VBLTAGE*t 2407777 73-1 
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ΤΠΕ 
TIME= 
TIME: 
TIME= 
ТІМЕз 
ТІМЕ- 
TIME= 
TIME s 
TIME= 
TIME= 
TIME = 
TIMEs 
TIMF= 
TIMES 
TIME= 
TIME= 
ТІМЕ- 
TIME= 
а 
TIMEs 
τιμες 
TIMES 
TIMES 
TIME= 
TIY- = 
TIMEZ 
ТІМЕ- 
TIMES 
TIMEs 
TIME= 
TIVES 
TIME= 
TIMES 
TIMEs 
TIMES 
TIME= 
TIMES 
TIME= 
TIMES 
τινες 
ПІН 
TI"Es 
TIMES 
TJ Me = 
τι... 
TIME = 
T 
ГІМЕ = 
T INF = 
TI ° e 
T NS 
VA 
УЕ 


430500900 
490000000 
που σου ο 
S ος ος 
ӨТ 201218 8481042 
Br 39206008 
Ss 400058000 
NODO DOCO 
ο οσο σος ο 
οσο ο ο οὐ οὃ 
5 «450202020 
ο "ος οοοῦ 
οι ος ος 
641С00С000 
6 +20000000O 
54232202020 
6а402С0090 
6* 50000090 
£:*60000000 
6. 700003060 
«80000000 
.90С0Сс0906 
“С0000С00 
7«10000000 
72020200990 
E IO O 
74020000900 
πο ουσ 
76000200990 
Te 7 οσο ος 
780600029 
τα σοσοσς 
οι ο ου ο ο 
OMS OOOO 
8:.2000С090 
ο οσο ο οϱο 
42009000220 
«56000000 
«60000020 
ay COG ICO 
2.0895009 
«20С0С000 
ο ο σος 
ο. ο ος σο 
ο οσο ο 
22390000250 
ο ος 
ο ο 916101816 
КШ СО ОООО 
2 7те аваа 
ο ποπ τος 
EE opo 000 


5ο 


м ОУ ГМ 


πο ο 


(Аа ТАРУ 


OUTPUT 
aUTPUT 
ӘУТРУТ 
SUTPUT 
SUTPUT 
PUTPUT 
SUTPUT 
BUTPUT 
SUTPUT 
SUTPUT 
SUTPUT 
SUTPUT 
eUTPUT 
SUTPUT 
OUTPUT 
SUTPUT 
BUTPUT 
SUTPUT 
SUTPUT 
eUTPUT 
SJUTPUT 
SUTPUT 
BUTPUT 
SUTPUT 
SUTPUT 


єз ТС, 
ΠΤ ο. 


ο Του Ττ 
ИШТЕТ 
BUTZUT 
BUTPUT 
SUTPUT 
BUTPUT 
ΕΙΤΕ Π 
BUTPUT 
DOT. ED 
BUTPUT 
Ser 
ο το] 
no TOR 
зо 
OU Te UT 
GUT PUT 
BuUTPUT 
ЕИ 
Е 
AUTPUT 
AUITPUT 
BUTPUT 
ΤΙ 
Τε. 
ΤΙ 
| 
ΠΠ T 


VBOLTAGE=z —-.07229744 
VaL TAGEs —-.08062269 
VOLTAGES “208176904 
VBLTAGE= 7208275135 
УВІ ТАЗЕ = = 00332538334 
VSLTAGE= =,08427759 
VOLTAGES -.08%84571 
VBLTAGE= = 208529837 
VBLTAGEs =. 08564539 
VSLTAGE= ~e08589583 
VELTAGES 208605798 
МА АСЕ = §-+0261]2951 
VBLTAGE= 698614745 
VOLTAGES =. 08509829 
VOLTAGES =. 08596798 
VBLTAGE= -.083579199 
VBELTAGE= -+,08556535 
VOLTAGES  -408529278 
VOLTAGE = “008497845 
VELTAGES =eD846P630 
VOLTAGES  -408423995 
VSLTAGE= =-. 083382270 
VBLTAGE= -.08337759 
VALTAGE= «08290743 
VSLTAGF= -.08241%479 
Vol TAGE = = 0219020202 
VOLTAGES as 08137122 
VOLTAGFs -.05082%59 
VSLTAGE= -:03026376 
VBLTAGE= —-*07269047 
VORTAGE er . 072106826 
VOLTAGE= 207851255 
VORM Ge = -%077910602 
ο λατ ο) 790166 
VOLTAGES -.07668577 
VSLTAGE= -»0760669% 
VaLTAGE= =. 07544309 
ЕЛЕНЕ 2:07%5160% 
VO8LTAGE= -.07418657 
MOST AGE= 5%0735553/ 


Vol TAGE= 3207297302 
ОСЕТЕ СЕ 07229029 
VOC IMGE: ii -=-. 07165253 
νι]. --π1οροςδ» 
Ὁ λος ο 4707539397 
V είπα, 06976403 
VOLTAGEs-  -.069135a2 
δι NU -058R50966 


ΗΤΟ: 067323955 


VO PAGE = -“Сво7264465 
Vel, TAGES ~. 056646034 
VaL TAGEs - «05603119 
VOLTAGE= "206541929 
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FREQUENCY RESPONSE 8F BANDPASS FILTER 


APPENDIX F.8 


R1=24.005 R2=4.090 C1=1.900 C2=1+0C0 1L1=1.000 L2=1.000 


FRES(RAD/SEC) 


ο ο σος 
ЕН 02529299 
«194712355 
a107 51931 
«102647820 
ο οσο ιδ 
«11458152352 
06117489785 
«100226543 
cc cosy 
a 2932241 
ο ο SIS 
9121665674 
01348262332 
«1380238425 
.1 41253754 
6111512677 
1479108 η 
0151854125 


-- 


61548516602. 


f 


М 


ο 5642529219 
ος Σας 


ΕΞ: 
0169474365 
0172720083 
хелаи 
12197209035 
656003714 

«190946072 
1194934460 
(199526231 
400251737906 
ο ο ο οἱ 
‚21317552095 
0212776162 
1223372114 
Ser οσο ος 
0345228351 
τ 
ΗΠ“ ΕΞ: 
С51158643 
2270922577 
ЕБ ор 
ç O нас 
«14659223270 
«2312355293 


MAGNITUDE 
MIMOS les 
«115906137 
«113824110 
«12028451165 
.] 6756575 
«131176505 
«135497507 
24139921506 
41444493829 
24149053489 
8152559293502 
21596720235 
«163626512 
ο Pole 
173866819 
172153418 
41584552289 
«190054410 
«195690758 
«201432308 
«207290032 

213264895 
.219357860 
«20255698580 
„23 1297292 
235354246 
244929540 
0251627174 
259448323 

po s CE 

272464811 
«279661737 
2855955441 
294436604 
e. 3020156851 
302722743 
е 317560770 
«325527345 
«333623793 
.434146503%0 
suo үз 
ΙΕ ΠΠ 
2356491273 
DOM GS 
«3849334307 
IIA D/A 
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MAGNITUDE (DB) 


=19 0868016860 
“18° 79313553 
"18250190853 
=18,2]312153 
"1792677281 
«1764235882 
«17036137394 
"1708231050 
«1680565937 
1653140904 
-16.25954570 
1593905737 
eMe cp 
«15645813540 
= 150 19566531 
"141493549803 
-15.5/761130 
-1442195398 
-14416859369 
r 13091741741 
"13066543154 
= 13042161293 
21317593599 
"12093437784 
"12069291394 
"120455959202 
"172321917313 
-110 98484919 
2111587 50590563 
A 
211629379159 
"110067338297 
-1034230268 
-10.52018399 
«190239940226 
106 1805.002 
-9,96346306 
«9674825947 
99053489959 
"9032327363 
“9011350063 
ο ο οσο 
"869931489 
«θε 92459060 
-3292275033 
"809139234 





«2824203150 
55155 
82211952172 
uo d mE 
42152277656 
52550326057 
«38H 31121 
23328554156 
«3567355857 
«354813359 
”26,.2072055 
rs 3229 
550] 2931965 
1339045145 
0398107170 
807350278 
«415859283 
° 426579519 
24 35515530 
e 46683592 
04570381289 
. 1677351151 


FOL AI 
e / ο. Ε 


43539778219 
1! 7a 
45124512504 
soot EOS 
ο ο ас 
‚549540874 
«без ос 
py qo c 
0505596955 
(6095 SUEDE 
ео с 
ser oa, 
«655650729 
«6692445 
“ο 7t 
eco) 7T 
7079457845 
70200435269 
761312247 
о у Am 
775247115 
(7533522234 
«2512520516 
(31753771 
vr 
ο ο а 6 


s 


«403073989 
4122356073 
421722463 
431234900 
«440870921 
«45062283445 
«4605296765 
«4705232541 
«430613783 
2490837847 
2501171829 
«511612557 
15272156545 
0532800077 
0543539109 
2554369305 
BO Dee Oca. 
10576254356 
6567359699 
599504508 
6097149140 
«690984171 
posce ab 
«653672946 
6590 алач 
CORO] 
«677576584 
«6839453294 
«700937864 
712422936 
205297837 
ο δις 
786726559 
TA) lessen ES 
27697924 2 
O2 re 010, 
0792068 354 
45252051918 
ο ο ας 
12 306027 
πο o 
«846921391 
857646511 
οσα σου. ο 
ο 25 
(0352247359 
594954774 
304001382 
eo 67967? 
Soe eer eels 
937701758 
ІРПЕӘЗТЕІС 
“ 955964505 


105 


-7.89239453 
"71694929445 
~7 049946531 
“7230572197 
=7 1127/7092 
"6. 72362026 
"60733527971 
76654875054 
“6 3615097553 
-5.18123314 
“6200026698 
.5:82117/626 
“5264398548 
«546871441 
“5029535404 
-5,124016483 
“4495463489 
“49787726340 
“4960197791 
“4045865148 
“4229746327 
e4.13838°939 
3298145732 
“32066292428 
736657513010 
T3452 179 S 
e3« 37570511 
= c 90302 
“3208640952 
«2094525311 
-2.50645941 
«267005764 
0493607/015 
=2 640457244 
©Pel/543796 
-2:14583°0% 
“2024745876 
-1.27031803% 
216073019997 
1 6676S967 
“1 5058616253 
«10442527263 
"lo. 33333056 
«1022774946 
"112425748 
~ 102345041 
492524017 
“o. 32065467 
«795717980 
"64539942 
= 5587C5S%s0 
-.47360955 
= 39116375 





|. 9772372021 
ime CO OCUC COCO 
10232252992 
1.047128548 
1071512305 
1e C9478196 
10122012454 
1.142153621 
1.1/%53755% 
10202254434 
1.230255770 
1, 2539252311 
10228249551 
12 2152567898 
1|( 3429622522 
1. 220324264 
1.88 2533175244 
10445432770 
10479102288 
10512551248 
15453816618 
105284592192 
τσι οσο” 
166295368297 
i.e 693243452 
1273/60685 25 
Mir ac 73400 
19219700558 
12620327136 
3 47105460717 
1029459544599 
1095 2982373 
puces 
κο ο 1ος 
2127962089 
2.183277615623 
C«235/21128 
pua cC SO 
062344Сс28514 
2143985732918 
AS 
2.511356430 
πο) αι τὰς 
αι ο ο τοι 
cue sup 
Qe/ 54072570? 
οι το 18 
ce?2a4 231509 
с. 1279225, 
ο ο туо 
Sw Ge ο 31 


964795136 
973417168 
«93818259246 
«992014306 
«997979632 
1 6005747115 
1140132822746 
1020493134 
1027525239 
110234315431 
1.040864485 
1.04 7157573 
11053224264 
150590233502 
1064594642 
0062909567 
10074971747 
20727982900 
100842357481 
108365850681 
INESIS EOS 
1.096594784 
141021894026 
114103545442 
1«106665520 
пто ре 
101122086945 
1011+6232973 
42116545903 
115535572 
ου εσεις 
ШІССІСТЕТІ 
dc 159965 
1 2 57S 
1125632346 
120599659653 
2122371695 
1 41e 7 37 1 cn 
110759205 
1.127642730 
121675099136 
Ded om menle 
13126332910 
ie 1er25246] 
1123952071 
14108708049 
1 1203736773 
1.41026%%673 
10121438214 
1212012389 
12112708200 


106 


e 31129789 
-?23401997 
-15931610 
-08717960 
-4017566С1 
04951681 
«11509862 
"17699 178 
235084996 
«29306848 
. 3478834381 
«40032371 
«45041711 
049819404 
543568553 
658692356 
«62794100 
«66677154 
«70344960 
e7 2801033 
07795559 
50092352 
82934933 
«35580443 
88032680 
02215470 
237/2702 
24268448 
5965511 
27530279 
122903917 
t. 000115432 
1901163671 
1.020548 35 
beQey Jaleo 
1e 033328257 
1203228329 
1004133208 
1: 04305929 
1004242048 
1204255546 
1.04046022 
1:03 412044 
Desc Та 
Je eloaoe 7231126 
1.02072636 
4201329186 
1*004356^0 
39550722 
27946530100 
097433643 





31622776359 
30235926568 
3. 31811213 
Je 382344 1560 
3«467358503 
3.542 1223890 
3045907890546 
3. 712357239 
Su le 3761 
З. 8979451448 
2.281071703 
.0/38220776 
165603532 
265795186 
365154320 
44165835919 
41570281594 
40677351410 
4.7825220921 
402977228191 
505115723393 
5.128613537 
eR cso he oe 
ο ο 7031796 
5.4954258735 
5.62341 3249 
F 75553 5 
5.2524 ЗА55О0 
be 55952 n 
5. 1652500485 
6.399572441 
6. 425629422256 
61: 606934476 
6e/69629759 
ον Ss 9” 
Peo 2427239 
70244 332294 
70413172498 
νι O 
Ze) 22.471161 
7e 042222342 
AN 125 325 156 


— N 


WE ^ 
4022 COR 


101171597643 
14115598694 
14113917795 
М/12167356 
10110335542 
101028446957 
106201430 
1.109+505098 
1 e 102463876 
141023533541 
la 0982657020 
134096127876 
50939635025 
1» 091 751107 
1029586205 
1%408735331% 
12985176949 
Ie 02829713749] 
1«080770708 
1.078578785 
0076399240 
1¢074235481 
120720906839 
11069967822 
1«067869615 
1.065 728584 
1063757/923 
1061747934 
72052770452 
087229063 
1055984254 
20540272323 
052229505 
12050441637 
1. 7945694544 
4 0469888257 
Peso se 5064 
160423203 2,8 
1206421204414 
1.040587874 
1150390083323 
14037642293 
lec 529209917 
1.034 865442 
1.033539452 
ecce e 
1:031C10214 
езе (5057 39 
1. 528640791 
lee /a14e3e 

“ООСО ОССО 


107 


«962860022 
504292535 
«93706284 
«929335586 
90908562 
489429831 
«52903959 
«86335450 
«847208736 
83085172 
51815020 
079722446 
78005508 
«76271149 
|° / 4525193 
72765329 
71007778 
69233959 
.67%67132 
55703748 
«63946755 
621985955 
«604563042 
058744434 
4579354559 
95550275 
053634325 
52042113 
508423641 
«48830939 
47265531 
45728491 
44220951 
«42743556 
41298017 
39554119 
О у; 
437154288 
2035039144 
2345573521 
ο D55565 
32095330 
210911755 
+29767756595 
25658183 
12/59/2303 
026525985 
CIDO ^66 
(2152071509 
5750692 
Ποῖ 91686149 


БОЗ 
h— . en 





LIST OF REFERENCES 


Dorn, William S. and McCracken, Daniel D., Numerical 
Methods with Fortran IV Case Studies, Wiley 1972. 


Leon, Benjamin J. and Wintz, Paul A., Basic Linear Net- 
works for Electrical and Electronics Engineers, pp. 
274-323, 390-425, Holt, Rinehart and Winston, Inc., 
1970. 


CHAN-CHAN-CHAN, Analysis of Linear Networks and Systens, 
pp. 364-416, Addison Wesley, 1972. 


Van Valkenburg, M.E., Introduction to Modern Network 
Synthesis, Wiley, 1960. 


Craig, Laplace and Fourier Transforms for Electrical 
Engineers, Holt, Rinehart and Winston, Inc., 1964. 


Delaura, R.D., Manual For The Fortran User, 1972. 


108 


Э 





“ΝΡ 





INITIAL DISTRIBUTION LIST 
No. Copies 


Defense Documentation Center 2 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0212 2 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 52 1 
Department of Electrical Engineering 

Naval Postgraduate School 

Monterey, California 93940 


Professor C. H. Rothauge, Code 52Rt 1 
Department of Electrical Engineering 

Naval Postgraduate School 

Monterey, California 93940 


Royal Thai Navy Hdq. 1 
Bangkok, THAILAND 


LT Banthit Nutasara, RTN 1 
Royal Thai Navy 

Department of Personnel 

Bangkok, THAILAND 


109 














ae a. ee жее = ra — 


Thesis 156688 
N96 Nutasara 
E.l Computer analysis and 
design of electrical 
circuits using the IBM 
360/67 and the XDS 9300 
Computer and the AGT/10 
Display Unit. 








- ШІ E 

a - һ 

| 
- 
| 
° 
ч ь 
“4 | 








